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Abstract. The paper presents the dynamics of pollutants concentrations from non-
ferrous metallurgical plant in Copsa Mica, considered, between the years 1985 -
1989, as the most polluted area, even in the world, and detected as a large black spot
on Landsat satellite imagery. Returning to investigations in this area, after 20-25
years, the pollution activity was changed after 1990, as a consequence of the reduc-
tion of industrial capacity, including the black smoke plant decommissioning, and the
chimney built for exhaust pollutants over 350 m feet high, resulted some conclusions,
necessary for decisions that have to be taken by environmental, forestry, health and
agriculture authorities. The litter, soil and vegetation samples were colected from the
same permanent sample plots between the years 2006-2009, as between the years
1985-1989, using the same methods, in order to be compared and analyzed. There-
fore, returning to investigations in these permanent sample plots, were found the fol-
lowing conclusions: i) between the period 1985 - 1989, in all examined cases were
revealed high pollutants concentrations, even exceeding the maximum allowable
limit (MAL) consisting of suphur compounds in synergistic action with heavy met-
als (Cu, Pb, Cd, Zn, Mn, etc.), in vegetation and litter, which was directly correlated
with noxious concentrations in the air, and concentrations below MAL in soil sam-
ples; ii) contrary, regarding the new pollution activity, it has been revealed low nox-
ious concentration, in vegetation, litter and soil samples collected during the period
between the years 2006-2008, which are directly related to their low concentration
level in the air. Due to pollutants accumulation phenomenon over the years, high pol-
lutants concentrations, ten times higher than MAL, were found in the superior soil
layer. In such circumstances the best solution to protect the environment, population
and livestock of the damaged area, for tens of thousands of hectares, is the closure of
pollution sources, continuing ecological reconstruction works, already carried out on
about 500 hectares of degraded land, unfortunately unsuitable for other uses-only for
forestry fields, followed by vigorous action of soils decontamination, based on exten-
sive interdisciplinary research.
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Introduction

The forests are subject of increasing anthro-
pogenic impacts, especially regarding the pol-
lution's effects on the environment.

This paper aims to present the dynamic of
pollutants concentration, based on sulphur
compounds, in synergistic action with heavy
metals (Pb, Cu, Cd) in forest stands of Copsa
Mica area, between 2006 - 2008 comparing to
1986 - 1988 period.

In this period important changes occurred in
the noxious regime, determined on one hand
by reducing of the industrial activity, even
closing some industrial capacities - for exam-
ple the carbon black factory Carbosin, on the
other hand, the construction of the pollutants
exhaust chimney high above 350 m, by dis-
persing them over large areas.

Regarding the pollutants, the following com-
ments could be made. Closing the factory of
carbon black smoke Carbosin, in 1990's, it was
made the assertion that the pollution problem
was solved in the area of Copsa Micd, even in
present when the plant SOMETRA SRL con-
tinues to operate the metallurgical processing
of nonferrous metals. It is well known that the
carbon black smoke did not act on vegetation
by burning rapidly the plant tissue as sulphur
compounds did, eventually the black smoke
can contribute to enhance the action of sulphur
compounds in synergistic action of them, or
through a mechanical seal running of the sto-
mata with implications in photosynthesis
reduction (Ianculescu et al. 1989). Therefore,
the most aggressive action on forest ecosys-
tems is the pollution-based on sulphur com-
pounds in synergistic action with heavy metals
(Pb, Cu, Cd, Zn, Mn).

The construction of high chimneys, over 350 m
high, in order to exhaust the pollutants, accred-
ited also the idea of solving the problem of pol-
lution. The area near to the source of pollution
has a certain protection in these conditions,
offering the possibility of achieving, with
rather high costs, of ecological reconstruction
works, as it has already been achieved in the
area Copsa Mica (Alexa et al. 2004, lancules-
cu 2005). Nevertheless, the exhaust of pollu-
tants is made on large areas, contributing in
time, through the accumulation of pollutants in
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plants and soils, to increase the concentrations
with major adverse implications on the envi-
ronment, as shown also in this paper.

Materials and methods

The samples of vegetation, litter and soil were
harvestedin 2006-2009 from the same perma-
nent plots, established in 1986, in forest stands
under the influence of pollution from the
industrial area Copsa Mica and analyzed by the
same methods, as follows:

- Soil samples: pH in water suspension; the
organic matter by Walkley - Black's method,
Gogoasd modification; sulphur as SO, in
water extract; extractable Aluminium - by
Coloman in KCI 1n, texture pipette's method :
soluble P and K by method of Egner Riem
Domingo (double ammonium lactate); mobile
Ca and Mg NaCl 0.5 n in flamphotometric;
total N using Kjeldhal's method; heavy metals
(Cu, Pb, Zn, Cd, Mn) as total prescribed
amounts and soluble forms by spectropho-
tometer's method with atomic absorption, total
forms of chloral acid solution obtained after
decomposing with a mixture of strong acids
(NHOs;, H,SO,, HCIO,) and soluble metals by
extraction (Cu, Zn and Mn in DTPA, pH 7.3,
and Pb and Cd in CH;COOH, 0.5 H.

- Dried vegetation samples: heavy metals (Cu,
Pb, Zn, Cd, Mn) by the method of spectropho-
tometer atomic absorption; sulphur as SO,
granulometric methods N by Kjeldahl's me-
thods P and K using Egner Riem Domingo's
methods Ca and Mg flamphotometric

Results and discussion

Table 1 shows the characteristics of permanent
plots from Copsa Mica area established
between 1984 - 1987, and the biometric data of
forest stands in the year 2007. In Figure 1 is
presented the map of forest stands affected by
industrial pollution, with damaged zones from
Copsa Mica, on different levels of intensity, in
the year 1987.

The Tables 2 - 7 and the Figures 2-12 pres-
ent the dynamics of pH and concentrations of
sulphur compounds (SO,), heavy metals (Pb,
Cu, Zn, Cd) in the Ao soil layer from vegeta-
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15

14
281
238
612
578
561
514
607
654

13

12
0,4
0,58
1,01
0,73
0,76
091
0,71
0.96

315
238
32,7
355
352
294
39,8
30,2

10
446
37,7
50,1
383
404
388
41,7
40,0

from seedlings

from seed
plantations

L

S
P

190
188
436
322
324
359
324
448

154
204
231
280
253
304
238
549

115
100
110
100
90

100
115
115

S

S
3 — moderately polluted

4 —low polluted ( witness)

Sessile oak
Sessile oak
Common
beech
Common
beech
Common
beech
Common
beech
Common
Sessile oak

beech

50
6.2
31,0
24,2
25,0

6A
21C
20C
46G
48A
80A
4A

5D

VIII.Valea
I.Dumbraveni

Viilor
V.Biertan

1 — very strong polluted
2 — strong polluted

Dumbrdveni
*)

Table 1 (continuation)
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tion and litter, in the forest stands under the
influence of pollution from the industrial area
of Copsa Mica.

Comparing the results from the year 1987
with those from 2006, after almost 20 years,
the resulting conclusions are very interesting.
Therefore, if at the litter samples, especially
in the growing season, there is a decrease of
pollutants concentration, which it is consis-
tent according the air concentrations (Table
8), in the Ao soil layer from those forest
stands, there is a tenfold increase in these pol-
lutants. This is the result of an annually accu-
mulation in forest soils of the concentrations
of pollutants in vegetation and litter, even if
they are apparently lower comparing them to
the values recorded in the year 1987. Same
features are found in the dendrocronological
research (Ianculescu et al. 2008). As result,
the forest soils and trees have important
deposits of pollutants, by aggregation and
accumulation in the environment. The con-
clusion shows: in order to prevent and combat
environmental pollution, we must protect two
very important environmental factors: soil
and forest vegetation.

There is also a correlation of the soil acidity
(pH value), presented in Table 4, with the
descending trend in concentrations of sulphur
dioxide during the period 1989 - 2003 (Table
8 and graph in Figure 13). These results are
useful in the ecological reconstruction of
Copsa Mica forest ecosystems in the area.

We can notice the current high levels of Cad-
mium, both in the OH soil layer and vegeta-
tion samples and litter, even at great distances
from the source of pollution (Tables 5 - 7 and
Figures 8 - 10). This is extremely worrying
because it is known that overrunning the
maximum allowable limits (MAL) to Cadmi-
um is carcinogenic.

Conclusions

After the integration in the European Com-
munity, it is compulsory to our country to
meet new economic conditions and environ-
mental requirements. Therefore, it is neces-
sary to monitor the pollution, with its influ-
ence on the environment. The investigations
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Table 4 Dynamics of SO4 concentration in vegetation and litter in the forest stands from the

Copsa Mica industrial area

Forest Management Compartment Distance Main Concentration ~ Concentration
District Unit to Tree of SOZ‘4, in of SO*, in
pollution  species vegetation, in litter, in ppm
source ppm
1987 2007 1987 2007
1 2 3 4 5 6 7 8 9
Medias I 18B 1,7 Sessile 0,70 0,35 0,65 0,21
oak (fag) 0,73 2,9
X 4E 2,8 Sessile 0,51 - 0,47 0,18
oak 0,23 2,2
I 1A 3,0 Sessile 0,74 - 0,64 0,27
oak 0,53 -
VI 6A 3,8 Sessile 0,57 0,31 0,38 0,22
oak (carpen) 0,27 0,18
I 122C 6,0 Sessile 0,78 0,16 1,09 0,20
oak (carpen) 0,65 0,20
I 30B 7,5 Sessile 0,40 0,14 0,30 0,11
oak (carpen) 0,26 0,10
VII 17A 11,5 Scots 0,40 - 0,34 0,01
pine 0,31 4,9
il 104F 12,0 Sessile 0,44 0,25 0,46 0,16
oak 0,44 0,22
VIl 3A 17,0 Scots 0,49 0,22 045 0,16
pine (carpen) 0,42 -
I 37D 15,0 Sessile 0,29 0,20 0,23 -
oak - 0,10
via 46 6,0 Common 0,33 0,17 0,32 0,08
beech - 0,13
v 17E 8,0 Scots 0,27 0,15 0,29 0,11
pine (gorun) - 0,19

*0,65 = undecomposed litter’s concentration
0,73 degraded litter’s concentration

undertaken more than two decades ago have
emphasized the ecological disaster produced,
especially in the area of Copsa Mica, the exis-
tence of high concentrations of pollutants,
higher tenfold even a hundred times than the
maximum allowabled limit .

This ecological disaster could be detected as
a large black stain on the satellite pictures
taken in the year 1986 (Figure 13-14). Today,
the Copsa Mica area is presented as a clean
area (Figure 15) in the UN Atlas of The World
Environment Day. This is due to the Romanian
foresters' efforts, and especially those from
Sibiu, for the environmental reconstruction of
the most damaged areas from the ecological
point of view (Ianculescu 2005).

Additionally, the ecological reconstruction
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performed on about 490 hectares, of which
about 310 hectares in the forest and the rest
outside the forest area (Alexa et al. 2004)
couldn't be possible without the hard work of
researchers and engineers of Forest Research
and Management Institute, that provided scien-
tific solutions, in order to achieve an ecologi-
cal reconstruction

These efforts shall be continued because
there are large areas of degraded lands, located
outside the forest, which cannot be recovered
only by forestry means. Even if the concentra-
tions of air pollutants comply in general with-
in the MAL, the fact that they accumulate pol-
lutants over time in the Ao soil layer in high
concentrations, they become extremely toxic
to any life form. If we keep in mind the fact
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Figure 2 Dynamics of Pb concentration in the A0 soil layer of the forest stands from Copsa Mica
industrial area
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Figure 3 Dynamics of Pb concentration in the litter layer of the forest stands from Copsa Mica
industrial area
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Figure 4 Dynamics of Pb concentration in the trees foliage of the forest stands from Copsa Mica
industrial area
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Figure 5 Dynamics of SO, concentration in vegetation of the permanent sample plots in the Copsa

Mica industrial area
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Figure 6 Dynamics of SO,4 concentration in litter of the permanent sample plots of the Copsa

Mica area
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Figure 7 Dynamics of total lead concentration in OH soil layer of the permanent plots from Copsa
Mica industrial area
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Figure 8 Dynamics of total cadmium concentration in OH soil layer of the permanent plots from Copsa
Mica industrial area
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Figure 9 Dynamics of total cadmium concentration in litter samples (undecomposed leaves) from the
Copsa Mica permanent plots
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Figure 10 Dynamics of total cadmium concentration in vegetation samples of the forest stands from the
Copsa Mica permanent plots
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Figure 11 Dynamics of total lead concentration in litter samples (undecomposed leaves) of the forest
stands from Copsa Mica permanent plots
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Figure 12 Dynamics of total lead concentration in vegetation samples of the forest stands, in Copsa
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Table 8 Mean and maximum variation of concentrations in air, of different pollutants at Copsa Mica, in

the period 1989 - 2003 (APM Sibiu)

Year MAL Total Total % MAL Meanvalue Maximu MAL

8g/m’/24h number numberof overdose in m value overrun

samples  samples &gm’24h &gm24h (over...times)
>MAL
Sulphur Dioxide
1989 250 - - - - 2988 12,0
1990 250 - - - - 2635 10,5
1991 250 - - - - 1353 5,4
1992 250 - - - - 1229 4,9
1993 250 1637 55 3,36 50 1588 6,4
1994 250 1745 11 0,63 27 338 1,4
1995 250 1797 3 0,17 22 360 1,4
1996 250 1707 7 041 29 698 2.8
1997 250 1686 4 0,24 30 406 1,6
1998 250 1429 0 - 18 234
1999 250 1437 5 0,35 19 393 1,6
2000 250 2072 35 1,69 48 648 2,6
2001 250 1518 7 0.46 25 391 1.6
2002 250 - - 17 170 -
2003 250 13 268 1,1
Pb from suspended powders

1989 0,70 - - - 53.4 76,3
1990 0,70 - - - - 70,4 100,6
1991 0,70 - - - - 84,8 121,1
1992 0.70 - - - - 42.8 61.1
1993 0,70 1058 666 6295 2,51 59,9 85,6
1994 0,70 1353 761 56,25 1,89 29,4 42,0
1995 0,70 1423 846 59.45 2,11 24.8 354
1996 0,70 1382 860 62,23 2,13 36,3 51,9
1997 0,70 1197 832 69,51 1,95 52,7 75,3
1998 0,70 1349 997 73,91 2,64 46,7 66,7
1999 0,70 1434 1057 73,71 3,03 39,0 55,7
2000 0,70 1766 1237 70,05 2,32 20,3 29,0
2001 0.70 1443 817 56,62 1,82 46,3 66,1
2002 0.70 - - 4,7-74,7 1,04 30,6 437
2003 0,70 2,80 254 36,3

that high concentrations of pollutants has been
shown in soil of the studied forest stands, more
protected compared with agricultural lands,
certainly these concentrations are higher, espe-
cially worrying for human or animal health
because Ao layer of these soils are most suit-
able for vegetables gardening, agricultural
crops and grass on pastures and meadows.

We may ask why, considering these condi-
tions, the area recorded a high incidence of

cases of cancer and a high mortality among
humans and animals. Therefore, it appears ne-
cessary to monitor the evolution of pollution
and its effects on the environment, by lowering
the limits on the MAL or even closing those
industrial capabilities, while providing retrain-
ing for the unemployed and initiating the inter-
disciplinary research project under the coordi-
nation of the Academy of Agricultural
Sciences and Forestry, Gheorghe Ionescu -
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Figure 13 Landsat 5STM image, bands combination 7,4,2, at 17-08-1986. The strong damaged area is
marked with red line and the medium damaged area is marked with yellow line
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Figure 14 Landsat 7TETM+ image, bands combination 7,4,2, at 2-08-2001

Sisesti " for finding the most effective means
of decontamination of soil from the tens of
thousands of hectars that otherwise would
remain a particularly serious problem to
human, animal and earth.
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